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Design sensitivity analysis and the application of Design Element Concept have been 
explored. Exploration has focused on expressed sens~tivity with respect to material prop- 
er& and shape of the coolant channel- he Design ~ l e m e n t ~ o n c e ~ t  has been applied ;o the 
die domain, since the design elements can be considered as a direct rnappina af the blocks 
.. - 
that make up a die. Analytical methods such as Direct Differentiation Method(DDM1 and 
Adjoint Variable Method (AVM) have been emp!oyed in calculating the design element 
sensitivities. All the calculated design element sensitivihes were verified with the Finite 
Difference Method and the results showed close agreement. From the design element sen- 
sitivities distribution in the die, the results show that convergence can be observed as more 
design elements are employed. 
0 2011 Elsevier Inc. All tights reserved. 
1. Introduction 
The castingprocess is one of the oldest manufacturingprocesses. It is believed that  the process was used by theEgy-ptians 
to make gold jewelry some 5000 years ago. Even though the process has a long history, its application is still relevant a n d  it  is 
being used today in many industries such as aerospace and automotive sectors to produce complex shape components. Di- 
rect squeeze casting is a combination of casting and forging processes. It is currently being employed to produce high per- 
formance and complex shape components such as steering, brake and suspension parts. It is also used for a family of 
rotational parts that have a complex cross section, but are essentially axisymmetric in form. These applications are d u e  to  
the fact that the components produced from the squeeze forming process have several superior properties such as refined 
grain structure, improved mechanical strength and almost complete elimination of all shrinkage and gaseous porosity. These 
features are the outcome of the prolonged high contact pressure and intimate contact between the  molten alloy and t h e  me- 
tal die surfaces [ I ] .  
The major advantages claimed for the squeeze forming process over casting and forging can be listed as follows [2-41: 
(1) The ability to  produce parts with complex profile and thin sections beyond the  capability of conventional casting and 
forging techniques. 
(2) Substantial improvement in material yield because of the elimination of gating and feeding systems. 
( 3 )  Significant reduction in  pressure requirements, in comparisoll with conventional forging, while a t  the same t ime 
increasing the degree of complexity that  can be obtained in the parts. 
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Table 10 
The derign element senrit~vitier ofvon Miser stress with respect taxcaordinate af the  upper caaiant channel for the 
application afvon Mirer rtrerr constraint a t  paint F, 
dSe/de (1 x lo-') 
AVM and DDM 1 . 7 9 2  
%Perturb dSe/de (1 x lo-') %Error 
FDM (C) 0.2 -1.792 5.3 x 104 
FDM i C i  2 1 . 7 9 1  0.05 
Table 11 
The derign element sensitiv~ties ofvon Mires stress with respect to Y coordinate of theupper coolant channel for the 
application of won Miser stress constraint a t  paint G. 
dSe/de (1 x 10.') 
AVM and nnM 1.020 
% Perturb dsejde (1 x lo-') %Error 
FDM [C) 0.2 1.020 4.76 x lo-" 
FDM lC1 2 101  6 0.37 
Table 12 
The designelement senritivitier ofvon Miser stress with respect taxcoordinate of the upper coalant channel for the application 
ofvan Miser ihesr constraint a t  m in t  G. 
AVM -2.859 
%Perturb  dsejde (1 x lo-') %Error 
FDM (C) 0.2 -2.859 2.12 x 10.' 
FDM (Cl 2 2 . 8 5 8  0.03 
sensitivities of von Mises stress with respect to Y and X coordinates of the upper coolant channel for the application of von 
Mises stress constraint at point G. It can be seen that the tendency to move the upper coolant channel in the Y-direction has a 
higher influence than in X-direction with respect to both von Mises stress constraints at points F and G. Also, the percentage 
errors were small thus proving the accuracy of the analytical method. In this example, only the DDM was used. This is be- 
cause from the parameter sensitivity examples, it can be seen that clearly both methods yield the same results. In this sec- 
tion, the full picture of the shape sensitivity cannot be shown because of the calculated sensitivities were only evaluated on a 
certain number of elements in the die. 
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in X or Y-direction can be drawn with respect to the particular von Mises stress constraint in the die. Also, based on the above 
examples, from the practical point of view, it can be seen that generally if the coolant channel is moved in direction y, it will 
have a more significant impact on von Mises stress when compared with a move in direction x. 
4. Conclusions 
The Design Element Concept with the aim of reducing effort in sensitivity calculation in the optimisation process has been 
proposed. In this work, the die has been divided into five divisions of design elements, where the zones of defined design 
elements may correspondingly represent the number of blocks that make up the die. From the examples provided, i t  can 
be seen that as a number of divisions of design elements are increased, convergence of sensitivity is obtained for both dis- 
placement and von Mises stress constraints. Also, the shape sensitivities procedure of the coolant channels has been de- 
scribed, thus, enabling the coolant channels to he moved as an entity for each coolant channel for the shape optimisation 
problem. For the shape sensitivity, based on the calculated sensitivity, the extent to which the tendency to move the coolant 
channel either inX or Y-direction can be determined with respect to the particular von Mises stress constraint in the die. 

